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Classical Ballistics by James Pate Williams, Jr., BA, BS, MSwE, PhD 

https://jamespatewilliamsjr.com 

Reference: Exterior ballistics, 1935 by Ernest Edward Herrmann Chapter 3 

Classical ballistics ignores atmospheric effects such as resistance due to the air. 

𝑣𝑥 = 𝑣0 cos 𝜃0 

𝑣𝑦 = 𝑣0 sin 𝜃0 − 𝑔𝑡 

𝑥 = ∫ 𝑑𝜉

𝑥

0

= ∫ 𝑣0 cos 𝜃0 𝑑𝜏 =

𝑡

0

𝑣0𝑡 cos 𝜃0 

𝑡 =
𝑥

𝑣0 cos 𝜃0
 

𝑦 =  ∫ 𝑑𝜂

𝑦

0

= ∫(𝑣0 sin 𝜃0 − 𝑔𝜏)

𝑡

0

𝑑𝜏 

𝑦 = 𝑣0𝑡 sin 𝜃0 −
1

2
𝑔𝑡2 

𝑑𝑦

𝑑𝑥
= tan 𝜃 

𝑦 =
𝑣0𝑥 sin 𝜃0

𝑣0 cos 𝜃0
−

𝑔𝑥2

2(𝑣0 cos 𝜃0)2
= 𝑥 tan 𝜃0 −

𝑔𝑥2

2(𝑣0 cos 𝜃0)2
 

After differentiation of the previous equation, we have: 

tan 𝜃 = tan 𝜃0 −
𝑔𝑥

(𝑣0 cos 𝜃0)2
 

𝑣2 = 𝑣𝑥
2 + 𝑣𝑦

2 = 𝑣0
2(cos 𝜃0)2 + 𝑣0

2(sin 𝜃0)2 − 2𝑔𝑡𝑣0 sin 𝜃0 + 𝑔2𝑡2

= 𝑣0
2 − 2𝑔𝑥 tan 𝜃0 −

𝑔2𝑥2

2(𝑣0 cos 𝜃0)2
= 𝑣0

2 − 2𝑔 (𝑣0𝑡 sin 𝜃0 −
1

2
𝑔𝑡2)

= 𝑣0
2 − 2𝑔𝑦 

𝑣 = √𝑣0
2 − 2𝑔𝑦 

Setting y to the right endpoint 0 we obtain: 

𝑦 = 𝑣0𝑡 sin 𝜃0 −
1

2
𝑔𝑡2 = 0 
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𝑣0 sin 𝜃0 −
1

2
𝑔𝑡 = 0 

𝑣0 sin 𝜃0 −
𝑔𝑥

2𝑣0 cos 𝜃0
= 0 

𝑔𝑥

2𝑣0 cos 𝜃0
= 𝑣0 sin 𝜃0 

𝑥 =
2𝑣0

2 sin 𝜃0 cos 𝜃0

𝑔
 

Range X is found to be: 

𝑋 =
𝑣0

2 sin 2𝜃0

𝑔
 

The time of flight is: 

𝑇 =
𝑋

𝑣0 cos 𝜃0
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Plots of 5, 10, 40, and 45 degrees 
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Plots from 5 to 30 degrees inclination in increments of 5 degrees 

 

 



    v  x =   v 0  cos ⁡    𝜃 0


    v  y =   v 0  sin ⁡    𝜃 0 − g t


    v  y =   v 0  sin ⁡    𝜃 0 − g t


  x =   ∫ 0  x  d 𝜉 =     ∫ 0  t    v 0  cos ⁡    𝜃 0 d 𝜏 = v 0 t  cos ⁡    𝜃 0


  x =   ∫ 0  x  d 𝜉 =     ∫ 0  t    v 0  cos ⁡    𝜃 0 d 𝜏 = v 0 t  cos ⁡    𝜃 0


  t =   x    v 0  cos ⁡    𝜃 0


  t =   x    v 0  cos ⁡    𝜃 0


  y =     ∫ 0  y  d 𝜂 =   ∫ 0  t   (   v 0  sin ⁡    𝜃 0 − g 𝜏 ) d 𝜏


  y =     ∫ 0  y  d 𝜂 =   ∫ 0  t   (   v 0  sin ⁡    𝜃 0 − g 𝜏 ) d 𝜏


  y =   v 0 t  sin ⁡    𝜃 0 −  1 2 g   t 2


  y =   v 0 t  sin ⁡    𝜃 0 −  1 2 g   t 2


    d y  d x =  tan ⁡  𝜃


    d y  d x =  tan ⁡  𝜃


  y =     v 0 x  sin ⁡    𝜃 0    v 0  cos ⁡    𝜃 0 −   g   x 2    2  (   v 0  cos ⁡    𝜃 0 ) 2 = x  tan ⁡    𝜃 0 −   g   x 2    2  (   v 0  cos ⁡    𝜃 0 ) 2


   tan ⁡  𝜃 =  tan ⁡    𝜃 0 −   g x     (   v 0  cos ⁡    𝜃 0 ) 2


    v 2 =   v  x 2 +   v  y 2 =   v 0 2    (  cos ⁡    𝜃 0 ) 2 +   v 0 2    (  sin ⁡    𝜃 0 ) 2 − 2 g t   v 0  sin ⁡    𝜃 0 +   g 2   t 2 =   v 0 2 − 2 g x  tan ⁡    𝜃 0 −     g 2   x 2    2  (   v 0  cos ⁡    𝜃 0 ) 2 =   v 0 2 − 2 g  (   v 0 t  sin ⁡    𝜃 0 −  1 2 g   t 2 ) =   v 0 2 − 2 g y


    v 2 =   v  x 2 +   v  y 2 =   v 0 2    (  cos ⁡    𝜃 0 ) 2 +   v 0 2    (  sin ⁡    𝜃 0 ) 2 − 2 g t   v 0  sin ⁡    𝜃 0 +   g 2   t 2 =   v 0 2 − 2 g x  tan ⁡    𝜃 0 −     g 2   x 2    2  (   v 0  cos ⁡    𝜃 0 ) 2 =   v 0 2 − 2 g  (   v 0 t  sin ⁡    𝜃 0 −  1 2 g   t 2 ) =   v 0 2 − 2 g y


  v =    v 0 2 − 2 g y


  v =    v 0 2 − 2 g y


  y =   v 0 t  sin ⁡    𝜃 0 −  1 2 g   t 2 = 0


    v 0  sin ⁡    𝜃 0 −  1 2 g t = 0


    v 0  sin ⁡    𝜃 0 −   g x  2   v 0  cos ⁡    𝜃 0 = 0


    v 0  sin ⁡    𝜃 0 −   g x  2   v 0  cos ⁡    𝜃 0 = 0


    g x  2   v 0  cos ⁡    𝜃 0 =   v 0  sin ⁡    𝜃 0


    g x  2   v 0  cos ⁡    𝜃 0 =   v 0  sin ⁡    𝜃 0


  x =   2   v 0 2  sin ⁡    𝜃 0  cos ⁡    𝜃 0  g


  x =   2   v 0 2  sin ⁡    𝜃 0  cos ⁡    𝜃 0  g


  X =     v 0 2  sin ⁡  2   𝜃 0  g


  T =   X    v 0  cos ⁡    𝜃 0

